Purpose: To investigate factors determining the presence of bilateral interictal epileptiform discharges (IEDs) in temporal lobe epilepsy (TLE) with unilateral hippocampal sclerosis (HS). Methods: We analysed data of 243 TLE patients with unilateral HS who had long-term video-EEG. Eighty-one patients (33%) had bitemporal IEDs. Results: We categorised patients into a unilateral group (UG), a bilateral group (BG) according to presence of bitemporal IEDs. We found no difference between UG and BG regarding epilepsy duration, secondarily generalised seizures, and history of febrile seizures. Mean seizure frequency was significantly higher in the BG (UG: 7.7 ± 14.7 seizures/month; BG: 13 ± 35 seizures/month, P = 0.01). We found a significant correlation between late epilepsy onset and the presence of bitemporal IEDs. The mean age at epilepsy onset in UG was 10.1 ± 7.9 years, while in BG it was 13 ± 9.2 years (P = 0.02).
INDRODUCTION
Approximately 35-61% of patients with temporal lobe epilepsy (TLE) had interictal epileptiform discharges (IEDs) over both temporal regions [1] [2] [3] [4] [5] . Bitemporal IEDs may represent an extended epileptogenic region since they are more often associated with bitemporal seizure onset zone and seizure propagation 6 as well as with worse surgical outcome after temporal lobectomy compared with unitemporal spike focus 7, 8 . Morrel hypothesised that the presence of bitemporal IEDs is a sign of the progressive nature of epileptogenesis 1 . Nevertheless, in bilateral IEDs, seizures are usually generated in one area only: moreover, after the removal of the primary epileptogenic focus, contralateral spikes usually disappear [9] [10] [11] [12] , suggesting that bitemporal spikes do not automatically mean a bilateral epileptogenicity.
If bilateral IEDs are caused by an ongoing progression, one can assume that patients with bilateral IEDs have had epilepsy for a longer duration than those with unilateral IEDs. Some studies have investigated this 1, [13] [14] [15] [16] ; however, they studied an inhomogeneous population, including patients with various morphological abnormalities located in different regions.
To avoid the influence of pathological and localisation differences, we investigated TLE patients who exclusively had unilateral hippocampal sclerosis (HS).
To our knowledge, no study has ever observed the clinical features associated with bitemporal IEDs in HS. The importance of this is not only the fact that HS is the most common pathological abnormality in TLE 17 , but also that the clinical features of bitemporal IEDs can be clearly investigated in this population since these patients have the same pathology in the same location. Epilepsy with hippocampal sclerosis has a more circumscribed, smaller irritative zone restricted to the hippocampal region compared to mesiotemporal tumours 18 .
This study addressed the question whether the epilepsy duration, age at epilepsy onset, seizure frequency, secondarily generalised seizures, and febrile seizures have an influence on the development of bitemporal IEDs.
METHODS

Patients
In this retrospective study we included all patients who consecutively underwent preoperative evaluation from January 1994 to June 2002 and had temporal lobe epilepsy associated with HS. Our inclusion criteria were:
• Complex partial seizures (CPS) characteristic of TLE diagnosed by ictal video-EEG recording.
• Definitive IEDs (spikes or sharp waves) at one or both temporal regions. The background abnormalities or pathological slow waves were not considered in this study.
• Unilateral hippocampal sclerosis detected by high-resolution MRI. Patients with bilateral HS or dual pathology (HS accompanied by other epileptogenic lesions) were excluded. We defined HS if both hippocampal atrophy and increased signal intensity in the hippocampus was present on the MRI by visual inspection. The MRI examinations were made on 1.0 or 1.5 T Siemens Magnetom MR machines. Sagittal T1, axial T2 as well as coronal T1, T2, and proton density of FLAIR sequences perpendicular to the long axis of the hippocampus were made, which gave adequate delineation of the temporal lobes.
Clinical data
The data regarding the patient's age at the first unprovoked seizure, the number of seizures in the year prior to admission to the in-patient monitoring unit, the presence of generalised tonic-clonic seizures, and history of febrile seizures and other epilepsy risk factors were derived from medical records registered at the beginning of the presurgical evaluation.
Long-term video-EEG monitoring
Presurgical EEG monitoring was made by digital EEG. In 208 patients, 32-64 electrode placements according to the 10-10 system was used. Their placement varied individually corresponding to the suspected epileptogenic region: usually Fp1, F3, C3, P3, O1, AF7, FC5, CP5, F7, FT7, T7, TP7, P7, SP1, F9, FT9, T9, TP9, and the homologous right-sided electrodes were used. In 35 patients, we used 21 electrode placements according to the 10-20 system: in 11 patients, the usual 10-20 electrode placements were combined with sphenoidal electrodes, while in the remaining 24 patients FT9/FT10 electrodes of the 10-10 system were added. A minimum 36-hour video-EEG recording was performed on all patients. The EEG evaluation was made by the authors (R.S., M.H., A.F., J.J.) or by other physicians experienced in the long-term video-EEG monitoring. All evaluations were controlled by one of the authors (A.E., R.S., M.H., P.H., G.R., A.F., J.J.). The location and frequency of IEDs were assessed by visual analysis.
Categorisation of patients
With respect to the results of the EEG monitoring, patients were divided into two categories: if >95% of IEDs appeared over one temporal lobe, we categorised the patients into the unitemporal group; patients having bitemporal independent IEDs were categorised into the bitemporal group.
Statistical methods
For the analysis of the categorical data, Chi-square or Fisher's exact tests were carried out. For continuous variables, the Mann-Whitney test was used. We used non-parametric tests because all of the observed variables did not show a normal distribution. Two-tailed error probabilities smaller than P < 0.05 were considered to be significant.
RESULTS
There were 243 patients (126 women and 117 men, aged 16-62 years, mean 34.4), who met our inclusion criteria. The mean age at epilepsy onset ranged between 1 and 37 years (mean 11.1). A history of febrile seizures was present in 115 patients. Seventeen patients had a family history of epilepsy. Significant head trauma occurred in 14, perinatal asphyxia in 13, encephalitis in 10, and meningitis in 18 patients. Eighty-one patients (33%) had bitemporal IEDs. The table shows the comparison of unitemporal versus bitemporal groups. The monthly seizure frequency was significantly higher in the bitemporal group. We found a significant correlation between the late epilepsy onset and the presence of bitemporal IEDs (see Table 1 and Fig. 1 ). In patients in whom the epilepsy started after age 20, bitemporal IEDs occurred significantly more frequently compared to all other patients (57% vs. 33%, P = 0.001).
We found no difference between the two groups according to epilepsy duration, history of febrile seizures, and secondarily generalised seizures. There was no difference in the presence of bitemporal IEDs in regard to the side of HS: right-sided HS was associated with bitemporal IEDs in 33.7% and left-sided HS in 38.6%, indicating a non-significant difference (P = 0.47).
Epilepsy surgery (anterior temporal lobectomy) was performed in 178 patients, the histopathological examination proved the HS in all of them. Of these 178 patients, 171 had adequate (>1 year) follow-up, and 70% of them became seizure free (Engel's category I). In the unitemporal group 72% of patients became seizure-free, while of patients with bitemporal IEDs, 65% had a seizure-free postsurgical outcome. This difference was not statistically significant (P = 0.4).
We also analysed how many patients in the two groups underwent an epilepsy surgery in order to establish whether the bitemporal versus unitemporal IEDs had an influence on the patient's selection for epilepsy surgery. We found that significantly more patients in the unitemporal group underwent epilepsy surgery than in the bitemporal group (83% vs. 54%, P < 0.0001).
DISCUSSION
The development of a mirror focus by secondary epileptogenesis was first demonstrated by Morrel by using an experimental model 19 . He produced an artificial epileptogenic focus in rats and cats. A contralateral spike focus appeared several days to weeks later. He hypothesised the same mechanism for bilateral spike foci in human epilepsy: the epileptic activity of the primary focus spreading through neuronal pathways is capable of generating a secondary (mirror) focus in the contralateral homotopic brain region. In spite of the experimental results, the significance of secondary epileptogenesis in humans is not clear 10 . Some authors found that patients with bilateral IEDs had a longer duration of epilepsy 1, 13 , while others did not find such a correlation [14] [15] [16] . Two studies observed the evolution of IEDs by observing serial EEGs. Hughes found that 1% of unilateral spike foci become bilateral pro year 20 ; however, Holmes et al. found that EEG findings in epileptic patients remained unchanged over time 21 . The epilepsy duration does not play a role in the outcome of epilepsy surgery 8, 22 , suggesting that the epileptogenic area does not extend over time. These data may indicate that epilepsy is not a progressive disorder in this respect.
An explanation for these controversial results could be that-in contrast to animal models-in human series, the localisation and the type of epileptogenic lesions showed a large variability and this may also have an influence on the evolution of bitemporal IEDs, seizure frequency, and the epilepsy duration. Epileptogenicity of different brain regions is variable 23 . Bilateral foci tend to appear in regions with dense interhemispheric connections 1 . In lateral temporal lobe epilepsy, bitemporal interictal spike foci are rare and appear only in 14% of cases 24 compared with medial temporal lobe epilepsy where bilateral IEDs are present in 42% 3 . The different degree of epileptogenicity of different epileptogenic abnormalities may also have an influence on the formation of mirror foci. Cortical dysplasia has intrinsic epileptogenicity, seizures are generated within the pathological tissue 25 , while in tumours (e.g. meningeoma) the epileptogenesis obviously takes place outside the lesion. Patients with temporal mass lesions more frequently have bitemporal IEDs than other TLE patients 15 .
To analyse bitemporal IEDs in human epilepsy with the identical pathological abnormality located in the same regions, we observed TLE patients with definitive HS. In bitemporal versus unitemporal patients we found no difference in epilepsy duration. Thus we could not support the hypothesis that the duration of epilepsy may have an influence on the development of bitemporal IEDs. Other factors such as the age at the first seizure and seizure frequency may play a role in this process.
We found a higher seizure frequency in the bitemporal group compared to the unitemporal group. The finding was already reported 1, 14 . Conversely, Hughes found an inverse relationship: in patients with mirror focus, the seizure frequency was lower compared to patients with unilateral focus 20 . The higher seizure frequency may indicate that not a progressive interictal epileptogenesis but the ictal activity plays a role in the evolution of mirror foci. Gotman and Koffler found that spikes are primary influenced by the preceding seizures 26 . In our previous study investigating patients with bitemporal IEDs, we found that the degree of the lateralisation of IEDs depends on whether the preceding seizure involved one or both hemisphere, suggesting that the localisation of IEDs depends on the brain areas involved by the preceding seizure 27 . The frequent contralateral seizure spread is associated with the presence of bitemporal IEDs 6 . We suggest that the evolution of bitemporal IEDs ('mirror focus') may not be a result of a secondary epileptogenesis, but a result of the seizure activity involving both hemispheres.
We found a significant correlation between later epilepsy onset and presence of bitemporal IEDs, suggesting that the development of a mirror focus is probably age-dependent. In some aspects, the immature brain has a higher threshold for excitatory stimuli and seizure-induced changes than the adult brain. There is an inverse correlation between age and the thresholds of afterdischarges of cortical stimulation: the younger the children, the higher the thresholds 28 . There is also experimental evidence that kindling and secondary hippocampal damage is less expressed in developing rats compared with adult animals 29 . Artificial seizures in infantile rats do not predispose to the development of convulsions later in life 30 . Our results are in agreement with this experimental data suggesting that seizures in early lifetime do not cause secondary epileptogenic foci in humans.
Lim et al. found that patients with a history of febrile seizures have unitemporal epilepsy significantly more often 15 . We found no difference in bitemporal versus unitemporal groups according to febrile seizures. Febrile seizures are often associated with a hippocampal abnormality 31 . Since Lim et al. investigated a heterogeneous TLE population with different underlying pathologies, the results could be explained by other aetiologic factors influencing the appearance of bitemporal IEDs 15 . Hughes hypothesised that in patients with a right primary focus, the mirror focus develops later than in patients with a left focus 20 . We did not find differences in right versus left HS with respect to bitemporal IEDs.
We did not find significant difference for surgical outcome in patients with unitemporal versus bitemporal IEDs. This contradicts some previous studies 7, 8, 32 . It may be attributed to a selection bias. Indeed, in this study significantly more patients with unitemporal IEDs underwent epilepsy surgery in comparison with patients who had bitemporal IEDs. After the unilateral irritative zone was reported as a strong positive prognostic factor 7, 8, 12, 32 , while, we predicted reduced likelihood for seizure freedom in counselling our TLE patients with bitemporal spikes. Consequently, some patients might have refused the operation for this reason. Another reason why fewer patients with bitemporal IEDs had epilepsy surgery in comparison with the unitemporal group is that in patients with bitemporal IEDs, the ictal EEG and clinical seizure semiology show often no lateralisation signs or even false lateralisation 6, 33 resulting in incongruent electro-clinical data. This may lead to inconclusive presurgical evaluation process.
